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肠出血性大肠杆菌 E. coli O157:H7 是一种对人类具有极大危害的致病菌。论
文第二章主要介绍了构建以 E. coli O157:H7 为宿主的重组噬菌体 PPO1-TCSOC，
结合四半胱氨酸标签—双砷染料体系建立 E. coli O157:H7 的特异性检测方法。四
半胱氨酸标签—双砷染料体系是一种具有广阔应用前景的活细胞蛋白荧光标记
方法。该方法使用一种能够跨膜的荧光探针（如 FlAsH-EDT2），能够与连接在蛋
白上的四半胱氨酸标签（简称 TC-tag，氨基酸序列为 CCXXCC，其中 X 代表半




得到 PPO1-TCSOC，使其 SOC 蛋白上携带 TC-tag。重组噬菌体侵染 E. coli 
O157:H7 后短时间内在细菌内部大量扩增，其 SOC 蛋白上的 TC-Tag 与侵染时共
































































Rapid, specific and sensitive detection of pathogenic bacteria is vital to food 
quality control, proper clinical diagnostics, environment contaminant monitoring and 
anti-bioterrorism. Conventional methods for bacteria detection always rely on 
laborious and time-consuming biochemical analysis, novel methods such as PCR 
technique and immunoassay require sample pretreatment and costly agents, although 
with improved sensitivity. Bacteriophages (or Phage for short) are the most abundant 
entities in nature. They are exclusive parasites that only infect bacteria. Phages can 
specifically attack target host bacteria strains and fast multiply during their life cycle. 
Besides, they have capability to distinguish among viable, dead and viable but 
non-culturable bacteria. In addition, phages are cost-effectively produced and can be 
easily genetically modified, thus make recombinant phages an excellent tool for the 
detection and identification of pathogens.  
Enterohemorrhagic Escherichia coli O157:H7 remains one of the worst public 
health threats because of its severe manifestations and low infective dose. Chapter 
two introduces a novel TC-PPO1-FlAsH strategy applied in E. coli O157:H7 
detection. Tetracysteine-Biarsenical (TC-FlAsH) labeling system is an innovative 
method for fluorescent labeling of recombinant protein, which is site-specific and 
suitable for in-situ protein labeling of live cells. The short peptide CCXXCC (TC-tag) 
integrated to a protein can specifically bind with a membrane-permeable fluorigenic 
molecule such as FlAsH-EDT2. Our TC-PPO1-FlAsH strategy depends on a 
recombinant phage PPO1-TCSOC, which is specific to E. coli O157:H7 and displays 
a TC-tag on the Small Outer Caspid protein (SOC). When the phage infects E. coli 
O157:H7 and replicates within the bacteria, the TC-tagged SOC protein will combine 
with large amount of FlAsH. The significant fluorescence enhancement of E. coli 
O157:H7 would be sensitively detected by fluorescence microscope and a lab-built 















rapid, specific and sensitive method for pathogenic bacteria detection. 
Phage display is a high-throughput protein screening technology and is widely 
used in molecular recognition study. In Chapter three, we develop a ‘Bifunctional 
phage display’ system for simple and sensitive pathogenic bacteria detection. By 
modifying the genome of phage M13KE, we construct a bifunctional phage probe 
O157S-M13KE-AvS. This recombinant phage simultaneously displays avidin specific 
peptide AvS (on pVIII coat protein) and E. coli O157:H7 bacterial surface 
lipopolysaccharide (LPS) specific peptide O157S (on pIII protein). The phage probe 
acts as an antibody with multiple bacteria capture site and large copy number of 
reporter site thereby mediating E. coli O157:H7 recognition and fluorescence signal 
amplification by utilizing fluorescently labeled avidin. The bifunctional phage 
strategy provides a general way to acquire target-specific probes and could be 
extensively used for pathogen detection. 
In Chapter four, we establish a bifunctional phage ‘cocktail’ assay applied in 
identifying different pathogenic bacteria species, aiming at developing a simplified 
detection procedure with lower cost and shorter time. We construct bifunctional 
phages that specifically recognize Salmonella typhimurium (phage SaS-M13KE-AvS) 
and Pseudomonas aeruginosa (phage PaS-M13KE-AvS). Using bifunctional phage 
mixture as ‘cocktail’, we are able to simultaneously detect E. coli O157:H7, 
Salmonella typhimurium and Pseudomonas aeruginosa in complex samples with 
excellent accuracy. The phage ‘cocktail’ assay demonstrates a specific, convenient and 
pervasive pathogen detection system. 
In summary, the major achievement of this thesis is the development of 
recombinant phages for sensitive and specific pathogenic bacteria detection strategies. 
First, benefits from host-specificity and the advantages of TC-FlAsH method, we 
develop TC-PPO1-FlAsH system and use it in rapid detection of E. coli O157:H7. 
Using PPO1-TCSOC as a probe, we can quantitatively detect E. coli O157:H7 in 
bacteria mixture within 1 hour. Second, based on phage display system, we construct 
bifunctional phage O157S-M13KE-AvS, SaS-M13KE-AvS and PaS-M13KE-AvS. 















Salmonella typhimurium and Pseudomonas aeruginosa, respectively. Using these 
specific phage probes, we are able to accurately discriminate target bacteria from 
other bacteria species in complex samples. Besides, taking advantages of bifunctional 
phage ‘cocktail’, we achieve the detection of multiple target bacteria species at same 
time, proving that the phage ‘cocktail’ maintain the same specificity to target bacteria 
as single bifunctional phages. In a word, we establish a perspective method for the 
simultaneous identification of pathogens.  
Key Words: Pathogenic bacteria; Recombinant Bacteriophage; Tetracysteine 
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